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WKHUHVRQDQWFKDUDFWHURIWKHSDUWLFOHEHJLQVWR
GLVDSSHDUVLQFHVHYHUDOKLJKHURUGHUVFDWWHULQJPRGHVTXDGUXSRODURFWRSRODUHWFDSSHDULQWKHVFDWWHULQJVSHFWUXP
$W\SLFDO7)D6L+VRODUFHOOFRQWDLQVDaQPWKLFNSLQMXQFWLRQZKLFKDEVRUEVSUDFWLFDOO\DOOWKHOLJKWZLWKZDYHOHQJWK
EHORZQPLQDILUVWSDVVWKURXJKWKHFHOO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WKHLUVXUIDFHZKLFKFDXVHWKH013VWRUHSHOHDFKRWKHUDQGSUHYHQWWKHLUDJJUHJDWLRQ$ZHWFRDWLQJPHWKRGZDVGHYHORSHGWR
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VHOIDVVHPEOH WKH FROORLGV LQ ORQJUDQJH RUGHUHG DUUD\V RQ WKH VXUIDFH RI YDULRXV PDWHULDOV >@ 7KDW LV DFKLHYHG E\
FKHPLFDOO\ IXQFWLRQDOL]LQJ WKH VXUIDFH ZLWK PROHFXODU OLQNHUV WKDW KDYH SRVLWLYHO\ FKDUJHG HQGJURXSV ZKLFK DWWUDFW WKH
QHJDWLYHO\FKDUJHGQDQRSDUWLFOHV'XULQJWKHZHWFRDWLQJSURFHVVWKH013VDUHIUHHWRGLIIXVHDFURVVWKHVXUIDFHVRWKH\VHWWOH
LQWKHLUORZHVWHQHUJ\FRQILJXUDWLRQZKLFKFRUUHVSRQGVWRDQRUGHUHGODWWLFH7KH013VLQWHUSDUWLFOHGLVWDQFHLVSURSRUWLRQDOWR
WKH013VVXUIDFHFKDUJHGHQVLW\VR LWFDQEH WXQHG IRU LQVWDQFHE\FKDQJLQJ WKHFDSSLQJDJHQWVROYHQW OLTXLGRUS+RI WKH
VROXWLRQ,WZDVYHULILHGWKDWVXFKVWUXFWXUHFDQH[WHQGWKURXJKRXWWKHHQWLUHDUHDRIDUELWUDULO\ODUJHVDPSOHVDQGWKHZHWFRDWLQJ
PHWKRG FDQ EH DGDSWHG WRSUDFWLFDOO\ DQ\ VXUIDFHPDWHULDO VLQFHPRVW VXUIDFHV FDQ EH IXQFWLRQDOL]HGZLWK SRVLWLYHO\FKDUJHG
OLQNHUV
6RIDUWKLVPHWKRGKDVEHHQPDLQO\DSSOLHGWRGHSRVLWVPDOO013VZLWKVL]HVRQWKHRUGHURIQPRQWKHVXUIDFHRIJODVVRU
6L$VGLVFXVVHGLQWKHSUHYLRXVVHFWLRQV IRURXUDSSOLFDWLRQWKH013VVKRXOGKDYHELJJHUVL]HVRQWKHRUGHURIQPDQG
VKRXOGEHSDWWHUQHGRQ7&2ILOPVVXFKDV$=27KHUHIRUHWKHZHWFRDWLQJPHWKRGZDVDGDSWHGWRSDWWHUQVXFKELJVL]HG013V
RQWR$=2FRDWHGJODVVVXEVWUDWHVZLWKRXWDIIHFWLQJWKHHOHFWULFDOSURSHUWLHVLHWKHFRQGXFWLYLW\RIWKH$=2OD\HUV


)LJ6(0LPDJHVRI$XFROORLGVZLWKQPGLDPHWHUSDWWHUQHGRQJODVVWRSDQGRQDQ$=2FRDWHGJODVVERWWRPXVLQJWKHZHWFRDWLQJPHWKRGGHYHORSHG
LQWKLVZRUN0RVWSDUWLFOHVKDYHDVSKHULFDOVKDSHZKLFKZDVFRQILUPHGE\FURVVVHFWLRQDO6(0LPDJHVQRWVKRZQ
)LJXUHVDQGDUHH[DPSOHVRIWKHREWDLQHG013GLVWULEXWLRQV7KHLPDJHVZHUHDFTXLUHGZLWKDILHOGHPLVVLRQ=HLVV6XSUD
 VFDQQLQJ HOHFWURQ PLFURVFRSH 6(0 )LJ  VKRZV ODUJH DUHDV RI WKH XVXDO GLVWULEXWLRQV REWDLQHG ZKLFK DUH VLPLODU
WKURXJKRXWWKHHQWLUHVXUIDFHRIWKHVDPSOHV$FFRUGLQJWRWHVWVSHUIRUPHGE\WKHDXWKRUVWKHHPSOR\HGZHWFRDWLQJPHWKRGLV
DEOHWRSDWWHUQUHSURGXFLEOH013GLVWULEXWLRQVVLPLODUWRWKRVHRI)LJZLWKGLIIHUHQW013VL]HVEHWZHHQDQGQPDQG
WKURXJKRXW WKH VXUIDFHRI$=2ILOPVZLWKGLVWLQFW WKLFNQHVVHV LQ WKHQPUDQJH7KHGHQVLW\RI WKHSDWWHUQHG DUUD\V LV
XVXDOO\ RI  SDUWLFOHVPP ZKLFK FRUUHVSRQGV WR D VXUIDFH FRYHUDJH RI a $FFRUGLQJ WR WKH PD[LPXP YDOXHV RI WKH
VFDWWHULQJFURVV VHFWLRQVREWDLQHGZLWK0LH WKHRU\FDOFXODWLRQV LWZRXOGEHSUHIHUDEOHD WLPHVKLJKHUSDUWLFOHGHQVLW\ LQ WKH
DUUD\LQRUGHUIRUWKHLQFRPLQJOLJKWWRFRPSOHWHO\LQWHUDFWZLWKWKH013V


)LJ7\SLFDOGLVWULEXWLRQVREWDLQHGWKURXJKSXWWKHVXUIDFHRI[FPVDPSOHV
OHIWQPGLDPHWHU$X013VSDWWHUQHGRQJODVVULJKWQP$X013VSDWWHUQHGRQ$=2FRDWHGJODVV
7KHSODVPRQUHVRQDQFHRIWKHGHSRVLWHG013VLQD$=2PHGLXPFDQEHPHDVXUHGDQGFRPSDUHGZLWKWKH0LHWKHRU\UHVXOWV
RI)LJ E\ FROOHFWLQJ WKHLU VFDWWHUHG OLJKWZKHQ WKHSDUWLFOHV DUH LQVHUWHG LQEHWZHHQ WKLFN UHODWLYH WR WKH013V VL]H$=2
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OD\HUV 7KLV KDV EHHQ SHUIRUPHG XVLQJ D 9DULDQ &DU\  GRXEOHEHDP 899LV1,5 VSHFWURSKRWRPHWHU HTXLSSHG ZLWK DQ
LQWHJUDWLQJVSKHUHVHWXSDEOHWRPHDVXUHWKHGLIIXVHUHIOHFWHG5',)DQGWUDQVPLWWHG7',)OLJKWFRPLQJIURPWKHVDPSOHV)LJXUH
VKRZVWKHUHVXOWVRIDVDPSOHFRQWDLQLQJDQDUUD\RIQP013VDVWKDWRI)LJSDWWHUQHGRQDQP$=2OD\HUDQGWKHQ
FRYHUHG E\ DQRWKHU QP $=2 FDSSLQJ OD\HU $OO WKH $=2 GHSRVLWLRQV LQ WKLV ZRUN ZHUH SHUIRUPHG E\ 5) PDJQHWURQ
VSXWWHULQJ7KHPHDVXUHGSHDNVLQ)LJFRUUHVSRQGWRWKHOLJKWVFDWWHUHGDWWKHGLSRODU63UHVRQDQFHRIWKHSDUWLFOHVDQGPDWFK
SUHFLVHO\WKH4VFDSHDNFRPSXWHGZLWK0LHWKHRU\LQWKHERWWRPOHIWSORWRI)LJ


)LJ0HDVXUHGGLIIXVHUHIOHFWLRQDQGWUDQVPLVVLRQOHIWD[LVIURPDQDUUD\RIQP$XFROORLGVGHSRVLWHGLQEHWZHHQWZR$=2OD\HUVDVGHSLFWHGLQWKH
VNHWFKRQWKHULJKW7KHWKLFNZKLWHDUURZLQWKHVNHWFKLQGLFDWHVWKHLOOXPLQDWLRQGLUHFWLRQLQWKHPHDVXUHPHQW7KHOLJKWGLIIXVLRQSHDNVPDWFKWKH4VFDSHDN
ULJKWD[LVFRPSXWHGZLWK0LHWKHRU\FRQVLGHULQJDVLQJOHVSKHULFDO013LQDQLQILQLWHKRPRJHQRXV$=2PHGLXP
7KHUHVXOWVRI)LJLQGLFDWHWKDW7KHSK\VLFDOSURSHUWLHVPDWHULDOVL]HVKDSHRIWKH013VDUHTXLWHPRQRGLVSHUVHLQWKH
DUUD\ DQG FRUUHVSRQG WR WKH H[SHFWHG RQHV  7KH GLVWDQFHV EHWZHHQ WKH GHSRVLWHG SDUWLFOHV DUH ORQJ HQRXJK WR SUHYHQW
FRQVLGHUDEOH LQWHUSDUWLFOH LQWHUDFWLRQV7KHGHSRVLWLRQRI$=2PDWHULDORQ WRSRI WKH013VE\VSXWWHULQJ LVSURGXFHG LQD
FRQIRUPDOZD\DQGGRHVQRWDIIHFWWKHGLVWULEXWLRQRIWKHSDUWLFOHV7KHWH[WXULQJLQWKHWRS$=2VXUIDFHLQGXFHGE\WKH013V
VKDSH VKRXOG QRW KDYH D VLJQLILFDQW FRQWULEXWLRQ WR WKH VFDWWHUHG OLJKW 7KHUHIRUH DSDUW IURP WKH ORZ VXUIDFH FRYHUDJH WKH
FROORLGDO013GLVWULEXWLRQVREWDLQHGSUHVHQWWKHSUHIHUHQWLDOFKDUDFWHULVWLFVIRUWKHLULPSOHPHQWDWLRQLQ3%5V
&ROORLGDO3ODVPRQLF%DFN5HIOHFWRUV
3URWRW\SH 3%5 VWUXFWXUHV KDYH EHHQ IDEULFDWHG XVLQJ WKHPHWKRG GHVFULEHG LQ VHFWLRQ  7KH 3%5VZHUH FKDUDFWHUL]HG E\
PHDVXULQJ WKH WRWDO 5727 DQG GLIIXVH OLJKW UHIOHFWHG IURP WKH VDPSOHV XVLQJ WKH SUHYLRXVO\ UHIHUUHG VSHFWURSKRWRPHWU\
HTXLSPHQW)URPWKHVHTXDQWLWLHV WKH+D]H LQ UHIOHFWLRQ5',)5727RI WKH3%5LVGHWHUPLQHGZKLFK LVGLUHFWO\ UHODWHG WR WKH
OLJKWVFDWWHUHGE\WKH013V>@
6XEVWUDWHFRQILJXUDWLRQ
:HVWDUWE\DQDO\]LQJWKH3%5VWUXFWXUHVKRZQLQWKHLQVHWRI)LJD,WFRQWDLQVDQDUUD\RIQP$XFROORLGVGHSRVLWHGRQ
DVDPSOHFRPSRVHGRIDJODVVVXEVWUDWHFRDWHGZLWKDOD\HURI$JWKHEDFNPLUURUDQG$=2$IWHUWKHGHSRVLWLRQRIWKH013V
WKHVDPSOHZDVFRYHUHGZLWKDWRS$=2OD\HUWKDWHPEHGVWKHSDUWLFOHV
)LJXUHDVKRZVWKH5727DQG+D]HRIWKHIDEULFDWHG3%5WRJHWKHUZLWKWKH5727RIDUHIHUHQFH%5FRPSRVHGRIWKHVDPH
VWUXFWXUHEXWZLWKQR013VGHSRVLWHG7KH5',)RIVXFKUHIHUHQFH%5KDVDOVREHHQPHDVXUHGDQGLWZDVYHULILHGWKDWLWLV]HUR
IRUWKHDQDO\]HGVSHFWUDOUDQJH
7KH+D]HFXUYHLQ)LJDSUHVHQWVDSURQRXQFHGSHDNLQWKHQPUDQJHZKLFKLVZLWKLQWKHVSHFWUDOUDQJHRILQWHUHVW
IRUD6L+FHOOVWKHJUH\DUHDLQWKH' QPSORWRI)LJ:KHQWKH3%5LV LQFRUSRUDWHGLQWKHUHDURIDQD6L+FHOODV
GHSLFWHGLQ)LJEWKH6LPDWHULDOFDQLQIOXHQFHWKHVFDWWHULQJSURSHUWLHVRIWKH013VFDXVLQJDPRQJRWKHUHIIHFWVDUHGVKLIW
LQ WKHLU63 UHVRQDQFHV7KH LQWHUDFWLRQEHWZHHQ WKH013V DQG WKH6L OD\HUV KDV QRW EHHQ FRQVLGHUHG LQ WKLVZRUN+RZHYHU
SUHYLRXVVWXGLHVRI3%5VIDEULFDWHGXVLQJWKHFRQYHQWLRQDO7)$WHFKQLTXH>@KDYHGHPRQVWUDWHGSKRWRFXUUHQWHQKDQFHPHQW
LQD6L+FHOOVGXHWRWKHOLJKWVFDWWHUHGIURP3%5VWUXFWXUHVZLWKPD[LPXP+D]HDURXQGQP7KDWLVFORVHWRWKHZDYHOHQJWK
RIWKH+D]HSHDNLQ)LJDVRVXFKFROORLGDO3%5VKRXOGDOVREHDSSURSULDWHIRUHQKDQFLQJWKHDEVRUSWLRQRIUHGOLJKWLQD6L+
FHOOV

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
)LJD7RWDOUHIOHFWLRQ5727DQG+D]HRID3ODVPRQLF%DFN5HIOHFWRU3%5FRPSRVHGRIWKHVWUXFWXUHGHSLFWHGLQWKHLQVHW)RUFRPSDULVRQLWLVVKRZQWKH
5727RIDUHIHUHQFH5()%5ZLWKWKHVDPHVWUXFWXUHEXWZLWKRXW013V7KH3%5H[KLELWVDSURQRXQFHG+D]HSHDNZLWKPD[LPXPRIDWQPVRLW
ZRXOGEHDSSURSULDWHIRULPSOHPHQWDWLRQLQDQD6L+VRODUFHOODVLOOXVWUDWHGLQE
7KHUHIOHFWLRQDQG+D]HRIWKH3%5LVSDUWLFXODUO\VHQVLWLYHWRWKHVSDFLQJEHWZHHQWKH013VDQGWKH$JPLUURULHWRWKH
WKLFNQHVVRIWKH$=2OD\HUGHSRVLWHGEHORZWKHSDUWLFOHV>@)LJXUHDVKRZVWKHUHVXOWVRID3%5VLPLODUWRWKDWRI)LJD
EXWZLWKDERWWRP$=2OD\HUKDYLQJWZLFHWKHWKLFNQHVV,QWKHD6L+VSHFWUDOUDQJHRILQWHUHVWQPWKH+D]HLVORZHU
LQ WKLV VWUXFWXUH WKDQ LQ WKDW RI )LJ D EXW LW SUHVHQWV D KLJKHU DQG EURDGHU SHDN DW ORQJHUZDYHOHQJWKV QPZKLFK
UHDFKHVDPD[LPXPRI
7KH3%5RI)LJDZRXOGWKHUHIRUHEHPRUHDSSURSULDWHWRLQFUHDVHWKHJHQHUDWHGSKRWRFXUUHQWRIPF6L+VRODUFHOOVRURI
GRXEOHMXQFWLRQ FHOOV DV GHSLFWHG LQ )LJ E VLQFH VXFK GHYLFHV FDQ H[KLELW DQ H[WHQGHG SKRWRFXUUHQW UHVSRQVH IRU LQIUDUHG
ZDYHOHQJWKVXSWRaQP


)LJD5727DQG+D]HRID3%5FRPSRVHGRIWKHVWUXFWXUHGHSLFWHGLQWKHLQVHW)RUFRPSDULVRQLWLVVKRZQWKH5727RIDUHIHUHQFH5()%5ZLWKWKHVDPH
VWUXFWXUHEXWZLWKRXW013V7KH3%5H[KLELWVDSURQRXQFHG+D]HSHDNZLWKPD[LPXPRIDWQPVRLWZRXOGEHDSSURSULDWHIRULPSOHPHQWDWLRQLQDPF
6L+VRODUFHOORULQDGRXEOHMXQFWLRQVRODUFHOODVVKRZQLQE
6XSHUVWUDWHFRQILJXUDWLRQ
7KHZHWFRDWLQJSURFHVVHPSOR\HGWRSDWWHUQWKHFROORLGDO013VLVPRVWO\SHUIRUPHGDWURRPWHPSHUDWXUHDSDUWIURPDVWHS
ZKHUH WKHVDPSOH LVKHDWHGDWR& WREDNH WKHSRVLWLYHO\FKDUJHGPROHFXODU OLQNHUV WKDW IXQFWLRQDOL]H WKHVXUIDFH6LQFH WKH
SURFHVV LQYROYHV RQO\ ORZWHPSHUDWXUH VWHSV LW DOORZV SDWWHUQLQJ WKH FROORLGV RQWR SUHYLRXVO\IDEULFDWHG VRODU FHOOV ZLWKRXW
GDPDJLQJWKHTXDOLW\RIWKHLU39PDWHULDOV)RULQVWDQFHWKLQILOPK\GURJHQDWHG6LFHOOVFDQRQO\ZLWKVWDQGWHPSHUDWXUHVXSWR
aR&VLQFHKLJKHUWHPSHUDWXUHVGDPDJHWKH6L+ERQGV$VVXFK LWZRXOGQRWEHSRVVLEOHWRIDEULFDWH013VWUXFWXUHVDVD
SRVWSURFHVV RQ 7) 6L FHOOV XVLQJ WKH FRQYHQWLRQDO WKLQILOP DQQHDOLQJ PHWKRG $V UHIHUUHG LQ VHFWLRQ  7)$ UHTXLUHV
WHPSHUDWXUHV DERYH R& WR GHZHW WKH ILOP DQG DOORZ SDUWLFOH IRUPDWLRQ >@ 6R 3%5V IRUPHG E\ 7)$ FDQ RQO\ EH
LPSOHPHQWHG LQFHOOV KDYLQJ D VXEVWUDWHFRQILJXUDWLRQ DV WKRVH LQ VHFWLRQZKHUH WKHFHOOPDWHULDO LVJURZQRQ WRSRI WKH
D E
D E
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SUHYLRXVO\IDEULFDWHG 3%5 +RZHYHU FRPPHUFLDO WKLQ ILOP VRODU FHOOV DUH XVXDOO\ IDEULFDWHG RQ JODVV VXEVWUDWHV ZLWK D
VXSHUVWUDWHFRQILJXUDWLRQ VLQFH WKHJODVV KHOSV WRSURWHFW WKHFHOOPDWHULDO IURP WKHH[WHUQDO HQYLURQPHQW >@7KHUHIRUH WKH
IDEULFDWLRQSURFHVVRIWKH7)FHOOVWKDWDUHFXUUHQWO\LQWKHPDUNHWLVQRWFRPSDWLEOHZLWKWKHFRQYHQWLRQDO7)$WHFKQLTXHEXWLW
LVFRPSDWLEOHZLWKWKHFROORLGDODSSURDFKSUHVHQWHGKHUH


)LJD5727DQG+D]HRID3%5FRPSRVHGRIWKHVWUXFWXUHGHSLFWHGLQWKHLQVHW7KH3%5H[KLELWVD+D]HRIZLWKLQWKHOLJKWWUDSSLQJZLQGRZRID
6L+VRODUFHOOVPDUNHGE\WKHJUH\DUHDVRLWZRXOGEHDSSURSULDWHIRULPSOHPHQWDWLRQLQDQD6L+FHOOKDYLQJDVXSHUVWUDWHDUFKLWHFWXUHDVVKRZQLQE,Q
WKLVFRQILJXUDWLRQWKH$JPLUURULVQRWIODWDVLQWKHSUHYLRXV3%5VLWKDVDFHUWDLQURXJKQHVVLQGXFHGE\WKH013VVKDSH
)LJXUHDVKRZVWKHUHIOHFWLYHSURSHUWLHVRID3%5ZLWKWKHVWUXFWXUHGHSLFWHGLQWKHLQVHWZKHUHWKH$JPLUURUZDVLQVHUWHG
RQWRSRIWKH$=2OD\HUVZLWKWKHHPEHGGHG013VDUUD\6XFK3%5LV LQWHQGHGIRU7)FHOOVZLWKDVXSHUVWUDWHFRQILJXUDWLRQ
VHH)LJEDVWKRVHFXUUHQWO\EHLQJFRPPHUFLDOL]HG7KH+D]HRIWKH3%5RVFLOODWHVEHWZHHQDERXWDQGLQPRVWRIWKH
ZDYHOHQJWKUDQJHRILQWHUHVWIRUD6L+FHOOVPDUNHGE\WKHJUH\DUHDLQ)LJDDQGWKH5727KDVDQDYHUDJHYDOXHRIaLQ
WKHVDPHUDQJH7KHVHYDOXHVDUHQRWDVKLJKDVWKRVHRIWKH3%5VRI)LJVDQGVLQFHWKH3%5VSHUIRUPEHWWHUZLWKDIODW$J
PLUURUOD\HULQVWHDGRIDURXJKPLUURUDVWKDWGHSRVLWHGRYHUWKH013V$=2OD\HUV1HYHUWKHOHVVWKHREWDLQHG+D]HDQG5727RI
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 LW RQO\ UHTXLUHV WKH IXQFWLRQDOL]DWLRQ RI WKH VXUIDFH ZLWK SRVLWLYHO\
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